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1
ADDITIVE FOR ELECTROLYTES

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a divisional of U.S. application

Ser. No. 16/091,811, filed on Oct. 5, 2018, which 1s a U.S.
national stage of International Application No. PCT/
CA2017/050414, filed on Apr. 5, 2017, which claims the
benelit of Provisional Application No. 62/318,988, filed on
Apr. 6, 2016. The entire contents of each of U.S. application
Ser. No. 16/091,811, International Application No. PCT/
CA2017/050414, and Provisional Application No. 62/318,
088 are hereby incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The invention relates generally to additives for electro-
lytes. More specifically, the invention relates to the use of an
organocatalyst as additive in an electrolyte that comprises
carbonates. The electrolyte according to the invention may
be used 1n batteries wherein the anode comprises reactive
groups. The organocatalyst facilitates the reaction between
the reactive groups and the carbonates, which leads to the
formation of a protective layer on the surface of the anode,
thus preventing contact between the anode and residual
water 1n the battery and also preventing degradation of the
carbonates in the electrolyte. Batteries using the electrolyte
according to the mvention are more stable and secure.

BACKGROUND

Water 1s a residual contaminant in battery electrodes. For
example, during the cycling of a battery wherein the anode
1s of lithium titanium oxide (LTO), water, in contact with
LTO, generates hydrogen and oxygen. Typically in such
batteries, cathodes are based on LIMPO_, where M 1s Fe, Co,
N1, Mn, etc.; and the electrolyte 1s a mixture of linear
carbonates and cyclic carbonates as solvents and a salt
which can be LiPF ., LiFSI, LiTFSI, [1BOB, LiBF, or any
other suitable commercial salts comprising lithium. This
also occurs in batteries wherein the anode comprises a
material such as hydrogen titanium oxide (HTO), Ti0,, Si,
S10_, Sn and graphite. Moreover, this occurs 1n batteries
wherein the cathode 1s a high energy cathode.

During the cycling of such batteries, for example a battery

wherein the anode 1s of LTO, electrolytes (carbonates) can
react with the residual water in presence of the anode to form
CO,, CO, H,, O, and hydrocarbons. These products are
known to cause an inflation of the pouch cell and could
constitute a security 1ssue [1-3].

One strategy to address this 1ssue in the industry consists
of removing water from the cathode and the anode. Since the
active materials are generally hydrophilic, the electrodes
need to be dried carefully. This generally requires a high
amount of energy and thus an increase in costs [4].

Another strategy 1s to allow the formation of a protective
coating at the interface on the electrodes. The coating can
prevent the contact between the electrolyte and the active
surface of the electrodes. For example, an additive 1s used 1n
the electrolyte, and the decomposition of the additive forms
a 11llm [6]. Also, the formation of a shell directly on the active
materials before assembling the cell has been performed to
create a protection layer on the anode of LTO [7].
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2

There 1s still a need for methods of preventing the anode
from contacting residual water in a battery.

SUMMARY

The 1nventors have discovered the use of an organocata-
lyst as additive 1n an electrolyte that comprises carbonates.
The electrolyte according to the mvention may be used 1n
batteries wherein the anode comprises reactive groups. The
organocatalyst facilitates the reaction between the reactive
groups and the carbonates, which leads to the formation of
a protective layer on the surface of the anode, thus prevent-
ing contact between the anode and residual water in the
battery and also preventing degradation of the carbonates in
the electrolyte. Batteries using the electrolyte according to
the 1nvention are more stable and secure.

The mvention thus provides for the following according
to aspects thereof:

(1) Use, 1n an electrolyte for a battery, of an additive
which comprises at least one organocatalyst.

(2) Use, 1 an electrolyte which comprises at least one
carbonate, ol an additive which comprises at least one
organocatalyst.

(3) Use, 1n a battery wherein the anode comprises reactive
groups and the electrolyte comprises at least one carbonate,
of an additive which comprises at least one organocatalyst.

(4) Use, 1n a battery wherein the anode comprises a
matenal selected from the group consisting of lithium tita-
nium oxide (LTO), hydrogen titanitum oxide (HTO), T10,,
S1, S10,, Sn, graphite and a combination thereof and the
clectrolyte comprises at least one carbonate, of an additive
which comprises at least one organocatalyst.

(5) Use, in a battery wherein the anode comprises a
material which 1s lithium titantum oxide (L'TO) and the
clectrolyte comprises at least one carbonate, of an additive
which comprises at least one organocatalyst.

(6) Amethod of preventing contact between the anode and
residual water 1n a battery and/or reducing the level of gas
in a battery, the method comprising using an electrolyte
which comprises at least one organocatalyst.

(7) Amethod of preventing contact between the anode and
residual water 1in a battery and/or reducing the level of gas
in a battery wherein the electrolyte comprises at least one
carbonate, the method comprising adding in the electrolyte
at least one organocatalyst.

(8) Amethod of preventing contact between the anode and
residual water 1n a battery and/or reducing the level of gas
in a battery wherein the anode comprises reactive groups
and the electrolyte comprises at least one carbonate, the
method comprising adding in the electrolyte at least one
organocatalyst.

(9) Amethod of preventing contact between the anode and
residual water 1n a battery and/or reducing the level of gas
in a battery and/or preventing degradation of carbonates 1n
the electrolyte, wherein the anode comprises a material
selected from the group consisting of lithium titanium oxide
(LTO), hydrogen titanium oxide (HTO), TiO,, S1, S10_, Sn,
graphite and a combination thereol and the electrolyte
comprises at least one carbonate, the method comprising
adding in the electrolyte at least one organocatalyst.

(10) A method of preventing contact between the anode
and residual water 1n a battery and/or reducing the level of
gas 1n a battery and/or preventing degradation of carbonates
in the electrolyte, wherein the anode comprises a material
which 1s lithium titanium oxide (L'TO) and the electrolyte
comprises at least one carbonate, the method comprising
adding in the electrolyte at least one organocatalyst.
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(11) An electrolyte for a battery, comprising an additive
which comprises at least one organocatalyst.

(12) An electrolyte for a battery wherein the anode
comprises a maternal selected from the group consisting of
lithium titamum oxide (LTO), hydrogen titamium oxide
(HTO), Ti0O,, S1, S10_, Sn, graphite and a combination
thereol, the electrolyte comprising an additive which com-
prises at least one organocatalyst.

(13) An electrolyte for a battery wherein the anode
comprises a material which 1s lithium titanium oxide (LTO),
the electrolyte comprising an additive which comprises at
least one organocatalyst.

(14) A battery wherein the electrolyte comprises an addi-
tive which comprises at least one organocatalyst.

(15) A battery wherein the electrolyte comprises at least
one carbonate, the electrolyte further comprising an additive
which comprises at least one organocatalyst.

(16) A battery wherein the anode comprises reactive
groups and the electrolyte comprises at least one carbonate,
the electrolyte further comprising an additive which com-
prises at least one organocatalyst.

(17) A battery wherein the anode comprises a material

selected from the group consisting of lithium titanium oxide
(LTO), hydrogen titanium oxide (HTO), T10,, S1, S10_, Sn,
graphite and a combination thereof and the electrolyte
comprises at least one carbonate, wherein the electrolyte
turther comprises an additive which comprises at least one
organocatalyst.

(18) A battery wherein the anode comprises a material
which 1s lithium titanium oxide (LTO) and the electrolyte
comprises at least one carbonate, the electrolyte further
comprising an additive which comprises at least one organo-
catalyst.

(19) Use according to any one of (1)-(5) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-
ing to any one of (14)-(18) above, wherein the organocata-
lyst 1s an alkaloid compound.

(20) Use according to any one of (1)-(5) above or method
according to any one of claims (6)-(10) above or an elec-
trolyte according to any one of (11)-(13) above or a battery
according to any one of (14)-(18) above, wherein the
organocatalyst 1s an amidine compound.

(21) Use according to any one of (1)-(5) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-

ing to any one of (14)-(18) above, wherein the organocata-
lyst 1s 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU).

(22) Use according to (3) above or method according to
(8) above or a battery according to (16) above, wherein the
reactive groups are OH, SH or a combination thereof.

(23) Use according to any one of (1)-(5) above or method
according to any one of claims (6)-(10) above or an elec-
trolyte according to any one of (11)-(13) above or a battery
according to any one of (14)-(18) above, wherein the car-
bonate 1s a linear, branched or cyclic carbonate which 1s
saturated or unsaturated.

(24) Use according to any one of (1)-(5) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-
ing to any one of (14)-(18) above, wherein the carbonate has
a general formula I below
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wherein: R 1s a C,-C,, linear, branched or cyclic alkyl
group; and n 1s an integer from 1 to 6.

(25) Use according to any one of (1)-(5) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-
ing to any one of (14)-(18) above, wherein the carbonate 1s
propylene carbonate.

(26) Use according to any one of (1)-(35) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-
ing to any one of (14)-(18) above, wherein the electrolyte
turther comprises a salt selected from the group consisting
of L1PF ., LiFSI, LiTFSI, LiBOB, L1BF, and a combination
thereof.

(2'7) Use according to any one of (1)-(35) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-
ing to any one of (14)-(18) above, wherein the cathode 1s
based on LiMPO, where M 1s Fe, Co, N1 or Mn, or the
cathode 1s a high energy cathode.

(28) Use according to any one of (1)-(5) above or method
according to any one of (6)-(10) above or an electrolyte
according to any one of (11)-(13) above or a battery accord-
ing to any one of (14)-(18) above, wherein the amount of
organocatalyst 1n the electrolyte 1s about 0.5% or less.

Other objects, advantages and features of the present
invention will become more apparent upon reading of the
following non-restrictive description of specific embodi-
ments thereol, given by way of example only with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

FIG. 1: Generally the chemical reaction on the surface of
the anode, between the reactive groups of the anode and the
carbonate of the electrolyte, catalyzed by an organocatalyst.

FIG. 2: Chemical reaction on the lithtum titanium oxide
(LTO) anode surface, between the hydroxyl groups and the
carbonate, catalyzed by 1,8-diazabicyclo[5.4.0]Jundec-7-ene
(DBU).

FIG. 3: HPLC-MS TOF of a model system.

FIG. 4: Volume of gases 1nside the cells quantified by GC.
Blue 1s hydrogen, red 1s propylene, light blue 1s methane,
green 1S carbon dioxide and yellow 1s oxygen.

FIG. §: Putative mechanism outlining the formation of the
protective layer on the LTO anode surtace.

FIG. 6: FTIR spectrum of the anode with additive.

FIG. 7. a) Scanning electron microscopy (SEM) images,
and b) Deep profile of m/z=39, this fragment corresponds to
the propylene oxide and the fragment m/z=47.869 represents
titanium.

FIG. 8: Thermogravimetric analysis of the anodes.

FIG. 9: Effect of gas suppression due to additives.

FIG. 10: Float current during the float test at 45° C.

FIG. 11: Discharge/direct current resistance (DCR) at
various temperatures.
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FIG. 12: Capacity retention and the variation of DCR
during the cycle test at 45° C.

FIG. 13: Capacity retention and the variation of DCR
during the cycle test at —=10° C.

DESCRIPTION OF ILLUSTRATIVE EXAMPLES
AND EMBODIMENTS

Before the present mnvention 1s further described, 1t 1s to
be understood that the invention 1s not limited to the
particular embodiments described below, as variations of
these embodiments may be made and still fall within the
scope of the appended claims. It 1s also to be understood that
the terminology employed 1s for the purpose of describing
particular embodiments, and 1s not intended to be limiting.
Instead, the scope of the present invention will be estab-
lished by the appended claims.

In order to provide a clear and consistent understanding of
the terms used 1n the present specification, a number of
definitions are provided below. Moreover, unless defined
otherwise, all technical and scientific terms as used herein
have the same meaning as commonly understood to one of
ordinary skill in the art to which this mnvention pertains.

As used herein, the term “organocatalyst” 1s mtended to
refer to organic catalysts, which comprise carbon, hydrogen
sulfur and other non-metal elements found 1n organic com-
pounds.

As used herein, the term “reactive groups™ 1s intended to
refer to refer to chemical groups that may react with car-
bonates to form stable compounds such as polymers.

The use of the word “a” or “an” when used 1n conjunction
with the term “comprising” 1n the claims and/or the speci-
fication may mean “one”, but 1t 1s also consistent with the
meaning of “one or more”, “at least one”, and “one or more
than one”. Similarly, the word “another” may mean at least
a second or more.

As used 1n this specification and claim(s), the words
“comprising” (and any form of comprising, such as “com-
prise” and “comprises”), “having” (and any form of having,
such as “have” and “has”), “including” (and any form of
including, such as “include” and “includes™) or “containing™
(and any form of containing, such as “contain” and “con-
tains”), are inclusive or open-ended and do not exclude
additional, unrecited elements or process steps.

As used herein the term “about™ 1s used to mdicate that a
value includes an mherent variation of error for the device
or the method being employed to determine the value.

The present invention relates to the use of organocatalysts
as additives 1n electrolytes for batteries. Such organocata-
lysts are disclosed for example by Nederberg et al. [8], the
content of which 1s herein incorporated by reference. Indeed,
it 1s known 1n the art that reaction of a cyclic carbonate 1n
the presence of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
1s an attractive way to prepare a poly(carbonate).

In embodiments of the invention, the electrolyte com-
prises carbonates. The electrolyte may further comprise a
salt, preferably a lithium salt.

In embodiments of the invention, the organocatalyst 1s an
alkaloid. In other embodiments the organocatalyst is an
amidine compound such as DBU.

The electrolyte according to the invention may be used in
batteries wherein the anode comprises reactive groups. In
embodiments of the invention the reactive groups are OH
groups or SH groups, preferably OH groups.

Referring to FIG. 1, the organocatalyst (10) facilitates the
reaction between the reactive groups (12) at the surface of
the anode (20) and the carbonates (14) in the electrolyte.
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This leads to the formation of a protective layer (16) at the
surface of the anode (20). The protective layer (16) prevents
contact between the anode (20) and residual water in the
battery. In particular according to embodiments of the inven-
tion, the protective layer (16) 1s made of polymer material
(18) formed as illustrated. Batteries using the electrolyte
according to the mvention are more stable and secure.

In an embodiment of the invention, an organocatalyst, for
example 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) 1s used,
for the ring opening polymerization (ROP) of a cyclic
carbonate (R may be a C,-C,, linear, branched or cyclic
alkyl group which 1s saturated or unsaturated) at the surface
of a lithtum titanium oxide (LTO) anode. This 1s 1llustrated
in FI1G. 2. Indeed, the hydroxyl groups at the surface of LTO
anode act as mitiators and prioritize formation of the poly-
mer on the LTO anode surface rather than on any other
surfaces 1n the battery. The LTO anode 1s now coated
(protected), which substantially limits the gas evolution 1n
the battery. The undesirable reaction at the surface of the
L'TO anode between the electrolyte and residual water which
involves the formation of gases 1s thus prevented. Also, as 1s
illustrated 1 FIG. 5, the organocatalyst DBU may trap any
HF, CO, and/or water formed during cycling of the battery.
Moreover, degradation of the carbonates 1n the electrolyte
may be prevented.

As will be understood by a skilled person, other carbon-
ates may also be used. The carbonates may be linear,
branched, saturated or unsaturated. In embodiments of the

invention, the carbonate may be a compound of general
formula 1.

A

wherem: R 1s a C,-C,, linear, branched or cyclic alkyl
group; and n 1s an iteger from 1 to 6.

As will be understood by a skilled person, other organo-
catalysts may also be used. Such organocatalysts may be any
suitable organic catalysts known in the art, which comprise
carbon, hydrogen sultfur and other non-metal elements found
in organic compounds.

The 1nventors have conducted the evaluation of the
behavior of the DBU in model systems by 'H NMR and

HPLC-MS. The model consists of a mixture of PC-DBU
heated at 45° C. for 12 hours in order to simplily the
analysis. FIG. 3 shows the spectrum obtained. The chains
are started by a DBU with one insertion of PC by ROP. Also,
the 'H NMR spectrum shows signals characteristics of
poly(propylene carbonate) in small amount due to the pres-
ence of a large excess of PC and DBU.

Addition of 0.5% of DBU or less 1n the electrolyte allows
for a decrease of 20% vol of total gases. Specifically, the
level of hydrogen, oxygen and propylene are decreased,
however the level of carbon dioxide 1s increased as deter-
mined by gas chromatography (GC). FIG. 4 shows the level
and the distribution of the gases inside the cells.

Based on the results obtained, a hypothesis for a putative
mechanism of formation of the protective layer on the anode
can be made. This i1s outlined 1n FIG. 5. As will be under-
stood by a skilled person, a different mechanism may be
attributed to the formation of the protective layer.
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At a first step, propylene carbonate 1s degraded to produce
CO, and the cationic and radical form of poly(propylene
oxide) (PPO). At the same time, DBU may neutralize HF. At
a second step, polymerization of fragment ol propylene
oxide initiated by the hydroxyl groups located on the surface
of the LTO anode and stabilized by DBU occurs. This cation
1s prompted to react with LTO or with PPO to form a stable
layer at the surface of the L'TO anode, the radical probably
reacting with DBU [8-10]. The formation of PPO 1s also
confirmed by FTIR equipped with ATR-diamond analysis of
the anode; the spectrum does not show any band from the
vibration of carbonyl group (1735 ¢m™'), thus we may
discard the presence poly(propylene carbonate) (FIG. 6).

Formation of solid electrolyte interphase (SEI) occurs
during the first stage of cycle. Extensive degradation of the
clectrode 1s thus avoided. The mechanism of formation 1s
unclear, but it 1s believed that the reaction probably proceeds
by a reduction of the electrolyte to form radicals which may
initiate the formation of SEI [11,12]. Based on this mecha-
nism, it 1s believed that use of DBU 1s also compatible with
an anode ol graphite because the DBU may react with
radicals to form a stable SEI. As will be understood by a
skilled person, use of DBU may also be compatlble with
other anodes, for example anodes comprising a material
which 1s hydrogen titanium oxide (HTO), T10,, S1, S10x and
Sn.

Also, analysis of the surface by scanning electron micros-
copy (SEM) coupled with mass spectroscopy (MS) and a
detector time of flight (TOF) confirmed the deposition of a
layer of polymer at the surface of the anode. This layer has
a thickness around 3350 nm. This protective layer 1s con-
firmed by the presence of organic fragments related with
polymer on at the surface of the anode. Also, the presence of
titanium from LTO comparing with the reference suggests
the presence of a coating on the L'TO anode surface. FIG. 7a
shows the SEM 1mages, and FIG. 7b shows the deep profile
of m/z=59, this fragment corresponds to the propylene oxide
and the fragment m/z=47.869 represents titanium.

That demonstrated the promotion of the formation of
linear polymer by using lithium salt as catalyst [13]. Also,
there 1s substantially no residue of DBU 1n the leachate after
washing the negative electrode with deuterated chloroform
for analysis by NMR. So, we may attribute this absence of
DBU by the formation of the insoluble polymeric film.
Moreover, there was a large proportion of fluoride 1n the
polymer; however this fluoride does not appear to be 1n the
LiF form, which 1s a conventional formation at the surface
on L'TO anode. We speculate that, the fluoride 1s 1n the acid
form and has reacted with the DBU, thus avoiding the
formation of gaseous HF inside the cell (not showed 1n FIG.
7) [10]. Also, this 1s supported by the thermogravimetric
analysis of the anodes (FIG. 8).

Addition of DBU promotes the formation of a coating on
the LTO anode surface and not on the poly(ethylene) sepa-
rator. This may be desirable since obstruction of the pores of
the separator with this polymer 1s prevented. This was
confirmed by a visual inspection of the separator (cell with
DBU) and by the cyclability of this cell after a float test at
45° C. and 2.4 V during 5 days. Usually, a cell without DBU
(our reference) 1s not able to cycle after this process because
the pores of the separator are completely filled up with the
polymer resulting from the degradation of the cyclic car-
bonate.

We may divide the spectra 1in different sections of tem-
perature which may be related with the degradation of
different components. There 1s a first section on the plane
line, this section 1s between 30-60° C. and we think 1t 1s
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related to the evaporation of HF. This section 1s only visible
for the curve for the anode plus the additive. It 1s probably
related to the trapping ol hydrogen fluornide. A second
section 1s defined between 260-600° C., this section corre-
sponds to the degradation of the polymer. The anode with the
additive has 0.8 wt % more polymer according to weight
lost. Finally, as already known, oxidation of LTO occurs at
a temperature above 800° C. This process involves the
reaction of the hydroxyl groups located on the surface of
L'TO anode, which 1s responsible of the degradation of the
clectrolyte. We have previously discussed the initiation of
the polymerization by these groups, so the mechanism 1s
confirmed by reduction of the oxidation for the anode with
the additive. We observe a decreasing of 1.2 wt %. Thus the
addition of DBU promotes the formation of a coating on the
surface of the LTO anode mitiated by the hydroxyl groups
and stabilised by DBU (see FIG. 4).

Therefore, no polymers were observed on the poly(eth-
ylene) separator, which constitutes an advantage because we
have prevented the obstruction of the pores of the separator
with the polymer. This was confirmed by a visual inspection
of the separator (cell with DBU) and by the cyclability of
this cell after a float test at 45° C. and 2.4 V for 5 days.
Usually, a cell without DBU (our reference) 1s not able to
cycle after this process because the separator 1s completely
fills by polymer resulting from the degradation of cyclic
carbonate.

(Gas Suppression Eflect

Vinylene carbonate (VC) 1s widely used 1n graphite based
lithium 10n batteries to suppress the degradation and obtain
a long life. For example, when 2% of VC was put 1n the
clectrolyte, 20% of generated gas was suppressed (FIG. 9).
Besides, 0.5% of DBU showed the same level of gas

suppression. Small amount of DBU may be significantly
cllective.
Suppression of Short Circuit During the Float Test

FIG. 10 shows the float current during a float test. The
current showed sudden rise for the reference cell without
organocatalysts or additives indicating the micro short cir-
cuit 1n the cell. In contrast, the cell with DBU showed
continuous low float current meaning higher stability at high
temperature condition at 45° C.

Effect on the Internal Resistance 1in the Cell

FIG. 11 shows the direct current resistance (DCR) of the
cells at various temperatures. The values were obtained at 10
seconds of discharge for 1 ItA and 3 ItA.

Usually an additives or a protective coating increases the
initial resistance in the cell nstead of suppressing the
degradation. The result shows that there 1s no significant
resistance increase for a DBU added cell. In other words,
DBU does not impede the power performance of the cell on
a wide temperature operation range.

Cycle Performance at Various Temperatures

High temperature at 45° C.: FIG. 12 shows cycle perfor-
mance at 45° C. The cell with DBU showed better capacity
retention 1ndicating less degradation compared to the refer-
ence cell without organocatalysts, even at a high temperature
environment. It may significantly improve the long-term
stability of battery and 1ts system. DCR remained at the
same level or less than that of the reference, which indicates
that DBU does not impede the battery performance.

Low temperature at —10° C.: FIG. 13 shows cycle per-
formance at —10° C. The values of DCR were obtained at
23° C. using the same method as described above. Both the
capacity retention and the variation of DCR for DBU added
cell showed the same level as the reference. In this tem-
perature range we do not expect much side reaction such as




US 11,705,579 B2

9

gas evolution, so 1t 1s reasonable that we do not see signifi-
cant differences. As can be seen, DBU does not impede the
power performance.

Regarding these properties outlined above, DBU may
suppress the gas even when added at a small amount, and
keeps suflicient battery performance on a wide temperature
operation range.

Although the present invention has been described here-
inabove by way of specific embodiments thereof, 1t can be
modified, without departing from the spirit and nature of the
subject mvention as defined in the appended claims.

The present description refers to a number of documents,
the content of which 1s herein imncorporated by reference in
their entirety.
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The mnvention claimed 1s:
1. A method of preventing contact between the anode and
residual water 1n a battery and/or reducing the level of gas
in a battery, the method comprising
providing a battery comprising an anode, a cathode, and
an e¢lectrolyte, wherein the anode comprises reactive
groups, and wherein the electrolyte comprises at least
one carbonate and at least one organocatalyst; and

facilitating a reaction between the at least one carbonate
and the reactive groups with the at least one organo-
catalyst to form a protective layer on the surface of the
anode.

2. The method according to claim 1, wherein the amount
ol organocatalyst in the electrolyte 1s about 0.5% or less.

3. The method according to claim 1, wherein the organo-
catalyst 1s an alkaloid compound or an amidine compound.

4. The method according to claim 1 wherein the organo-
catalyst 1s 1,8-diazabicyclo[35.4.0Jundec-7-ene (DBU).

5. The method according to claim 1, wherein:

the carbonate 1s a linear, branched or cyclic carbonate

which 1s saturated or unsaturated.

6. The method according to claim 1, wherein:

the carbonate has a general formula I below

A

wherein: R 1s a C,-C,, linear, branched or cyclic alkyl
group; and n 1s an iteger from 1 to 6.

7. The method according to claim 1, wherein:

the carbonate 1s propylene carbonate.

8. The method according to claim 1, wherein the anode
comprises a material selected from the group consisting of
lithium titammum oxide (LTO), hydrogen titanium oxide
(HTO), Ti0O,, S1, S10_, Sn, graphite and a combination
thereolf, and wherein degradation of carbonates 1n the elec-
trolyte 1s prevented.

9. The method according to claim 1, wherein the electro-
lyte further comprises a salt selected from the group con-
sisting of LiPF,., LiFSI, LiTFSI, LiBOB, LiBF, and a
combination thereof.

10. The method according to claim 1, wherein the cathode
1s based on L1iMPO, where M 1s Fe, Co, N1 or Mn.

11. The method according to claim 1, wherein the cathode
1s a high energy cathode.

12. A battery comprising;:

an e¢lectrolyte;

an anode; and

a cathode

wherein the electrolyte comprises:

an additive which comprises at least one organocata-
lyst; and
at least one carbonate, and
wherein the anode comprises reactive groups.
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13. The battery according to claim 12, wherein the anode
comprises a material selected from the group consisting of
lithium titammum oxide (LTO), hydrogen titanium oxide
(HTO), T10,, S1, S10,_, Sn, graphite and a combination
thereol. 5

14. The battery according to claam 12, wherein the
organocatalyst 1s an alkaloid compound or an amidine
compound.

15. The battery according to claam 12, wherein the
organocatalyst 1s  1,8-diazabicyclo[5.4.0]Jundec-7-ene 10
(DBU).

16. The battery according to claim 12, wherein the amount
ol organocatalyst in the electrolyte 1s about 0.5% or less.

17. The battery according to claim 12, wherein:

the carbonate 1s a linear, branched or cyclic carbonate 15

which 1s saturated or unsaturated,

optionally, the carbonate has a general formula I below

S
R " 25

wheremn: R 1s a C,-C,, linear, branched or cyclic alkyl
group; and n 1s an nteger from 1 to 6.
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